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Wichita State University 


INTRODUCTION 


Studies to determine the feasibility of hypersonic aircraft 
(refs. 1-4) require a reliable method of weight prediction. This 
report discusses the three basic methods of weight prediction and 
some of the computer programs that have been developed to imple- 
ment tb«n. The need for a data base of component weights is also 
discussed. 

The WAATS program (ref. 5) was chosen as the best readily 
available program for use in design studies of hypersonic air- 
craft. The program was modified to improve its performance. The 
modified program is presented, along with newly devised input data 
forms acd an example problem. 


METHODS OF WEIGHT PREDICTION 


The categories of weight prediction methods are not clearly 
defined; and there is always overlap in any categorization. In 
this report, the methods will be defined as: 

1. The Fixed-Fraction Method. 

2. The Statistical Correlation Method. 

3. The Point Stress Analysis Method. 

The methods are listed in increasing order of complexity, and 
each method has an area of applicability. Roland (ref. 6) dis- 
cusses the three methods, using different terminology, and pre- 
sents flow charts that indicate their relative complexity. 


The Fixed-Fraction Method 

This method is very simple; the weights of the vehicle com- 
ponents are assumed to be a fixed-fraction of the empty weight or 
takeoff weight. It is only valid when the vehicle being designed 



is only a slight variation of an existing design. Gersh and York 
(■pof, 7 ) give an example of this method and discuss the pitfalls. 
The weight of the Hypersonic Transport (HST) used as an example 
to demoLtrate the use of the WAATS program is largely determined 
by this method (ref, 8 ). 


Caddell (ref. 9) presents a variation of the fixed-fraction 
method that Is based on the relationship between the structural 
weight and the aircraft density. 


The Statistical Correlation Method 

The Statistical Correlation Method is the most widel*. used 
of the three methods. Many of the weight prediction procedures 
use this method entirely, and most of the Point Stress Analysis 
orograms use statistical correlation for some component weights. 
The method is based on correlating historical weight data using 
a simple equation, usually 


W 



( 1 ) 


where W is the component weight, 

Ai is an empirically determined weight coefficient, 
Bi is an empirically determined exponent, 

Xi is a parameter. 


The selection of the parameters. Xi, is the key to tne success of 
obtaining good correlation. They may consist of one or more 
characteristics of the component or the vehicle. For instance, 
the wiSg weight equation used in the WAATS program is of the form 


W 


Bl 

Ai(Wtq • n * bg.j> • S/tg) + A2 • S + A3 

B4 

+ A4(W^q • n • bg,j. • S/tR) 


where is the takeoff weight, 

is the landing weight. 

LDu 

,5 is the ultimate wing load factor, 
bg^ is the structural span. 


( 2 ) 


is the wing area, 




is the wing thickness at the root ♦ 


The first and last parameters are the same except for the weights, 
lo that the wing weight can be based on the most criticalcondi- 
takeSff or landing. Since the parameter does contain a 
or , tbe procedure Is iterative ^e 

Other characteristics in Xi and X 4 are derived from the loads (n) 
and the geometry (bgT. S and tR). The selection of these charac- 
teristics should be based on an approximate analysis of the com- 
terist . possible. Dimensional analysis may fre- 

S SU io ietlS?Le ncndlmenslonal c^biuatious of the 
Characteristics. The second and third terms in Eq. 2 (B 2 
and 8^ - 0 . 0 ) allow the inclusion of weight items that vary with 

the wing area or are fixed, respectively. 

The number of equations used in a 
weight ”^IncrSsing°*the number of equations 

r.riS"L?oS^!caiirincrease IccSrL? of the weight esti- 
does not _ the ability to predict the effects 

:r«lhSriocf adiauferifinh^cS as ?he =S»ber of eouatioos 

increases . 

The Fixed-Fraction Method is a special case of this “ejjod 
with all Bi*1.0 and all of the parameters Xi equal to a vehicle 

weight . 

The Soace Shuttle Synthesis Program — SSSP (ref. 11), the 

wo^o-ht <5 Analysis of Advanced Transportation Systems program 

l!iTf(re? 5) and the Systems Engineering Mass Properties pro- 

SEMp’cref 12) are NASA developed statistical correlation 

or advanced transportation systems. As indicated by 

?^e*name SSSP was developed to predict the weight of the Space 

Shuttle ' The WAATS program was developed from SSSP to permit 
Shuttle. The w^i a prog ^ vehicles. The 

ISp DrS?» iarde?ilop'; specifically for Earth-tc-orblt vebl- 
III “ur!s .ore leueral than SSSP, but not as general as 

WAATS. 

feuvcroh and York (ref 7) describe a statistical correlation 
WTSE ONE whiS is used in the early phase of prelimin- 
K^d^ig^ at'o^Lnan. It provides the capability of 
^arS number of designs in this phase. To 

lated*output data, it generates a printer-plot of the configura- 
tion. 
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Tn addition to descriptions of programs based on the statis- 
tlcal ?or"lltion method, the llteratye also contains lalo™- 
tion on specific component weight estimation techniques. The 
Papers of the Society of Allied Weight Engineers are an excellent 
source of information of this type. Some examples are: 

Fusel ane Structure. — Simpson (ref. 13) discusses an analy- 
tical method and computer program for fuselage structure weight 
prediction. Equations are given for various itans (floors, pres- 
sure bulkheads, doors, windows, etc.). 

Thermal Protection Systems. — Roland (ref. 14) presents 
techniques for calculating Lh“unit weights of two types of heat 
shields and the thickness and weight of bulk insulation. 

Fessenden (ref. 15) discusses both passive and active thermal 
pS?“t!oo h^sicmh ahd presehts cuatlohs lor calcul.tihs uhit 

weights m 

Engines. — Klees and Fishbach (ref. 16) present a method of 
osTl ma ting both the dimensions and the weight of gas txirbine 
engines. They demonstrate the method with a detailed example 

problem. 

Propellant Tanks and Systems. — Conrad (ref. 17) discusses 
the effects ' of tank con struction on the weight of propulsion sys- 

ualSrcJyogenlc liquids. Equations lor tank thlcknessss and 
weights and pressurization gas and system weights are given. 
Willoughby (ref. 18) presents a semi-empirical method for cal- 
culating tank weights for nine comnon configurations. Both pump- 
fed and*pressure-fed pressurization systems are also considered. 

Systems an d Equipment . — Roland (ref. 6) presents 132 equa- 
tions for predicting the weights of various aircraft systems and 
equipment items. He also presents correlation curves for many 
of the equations. 


The Point Stress Analysis Method 


The Point Stress Analysis method, as such, is only applic- 
able to the major structural components of the vehicle, i-©- . 
iing tail fuselage, landing gear, etc. The weight estimate is 
Used on the material required to carry the loads at representa- 
tive "points" in the component. This requires the specification 
of both the component loads and the allowable stresses. Due to 
the complexity of this method, a computer program is a necessity. 
The weights of the nonstructural items are normally calculated 
with statistical correlation equations. 

The majority of the programs in this category have been de- 
veloped by individual aerospace companies and are pr^rietary. 
However, the Structural WEight Estimation Program— SWEEP (ref. 19) 


4 



was developed by Rockwell International for the Air Force and is 
available from the Air Force Flight Dynamics Laboratory. It was 
developed for military aircraft weight estimation (cargo, fighter, 
fighter bomber and attack bomber J, so modifications would be re- 
quired to adapt it to weight estimation for hypersonic aircraft. 

In addition to the statistical correlation program, WISE- 
ONE, Gersch and York (ref. 7) also describe Grumman 's WISE-TWO 
program which uses the point stress analysis method to calculate 
the wing and tail weights. Although this program does not use 
point stress analysis for the fuselage, it has an option to 
stretch or shrink the fuselage to accommodate the required fuel 
load. 


The literature also contains some information on point 
stress analysis weight estimation techniques for individual ccm- 
ponents, but the numb?r of papers is not as great as for statis- 
tical correlation methods. Two examples are: 

Fuselage Structure. — Staton (ref. 20) presents a FORTRAN 
program for calculating the basic shell weight for an unpressur- 
ized fuselage. The weight penalties associated with the design 
features are discussed and an example for a typical fighter/ 
attack airplane is given. 

Landing Gear. — Kraus (ref. 21) describes a computer pro- 
gram which can be used to estimate the weight of aircraft land- 
ing gear. The loads are first calculated and then the strut 
member sizes are estimated. 


DATA BASE 


The requirement for reliable weight estimation procedures 
for all classes of flight vehicles will continue to exist as long 
as these vehicles are being designed. And the verification of 
these procedures will continue to be based on historical data. 
Thus, a comprehensive data base of component weights would be 
invaluable to weight engineers involved in advancing weight esti- 
mation technology. NASA could make a significant contribution to 
this field by sponsoring a project to compile such a data base 
and make it available to the aerospace industry. 


THE WAATS PROGRAM 


fAATS Weights Analysis of Advanced Transportation Systems — 

was developed (ref. 5) to provide a program that could be used 
either with the ODIN — Optimal Design INtegration — System or as a 


stand-alone program. It uses the statistical correlation method 
and relies beavily on the equations developed for the Space 
Itatne Synthesis Program-SSSP Crel. 11). Hoseser | nnmber of 
equations are included which did not come from the SSSP. 

Of the readily available programs. WAATS appeared to be the 
only one that could be used for hypersonic 

studies without major modification. When an attempt was made to 
■•mplesient the program using the listing in ref- 5, a n\imbe 
mlSor errors were discovered. Further investigatxon revealed 
that the program could be made more efficient by recoding. 
^^fiS ?ro|ram is given with a discussion of the modifications 
each sSbroutine. This is followed by a description of the 
input data and a set of newly devised input data forms that 
should make the program easier to use. Finally, an example 
pSoSlem^ prelsSted to danonstrate the use of the prograa. 


Main Program 

The main program is essentially the same as the ordinal -- 
the four primary subroutines CDATA, INPUT, MASS and 
Called with aS of the data being transferred through nsmed com- 
mon hi neks Ho*»ever some of the common block and subroutine 
Xoo h^^^heen^Knged. The dimensions have also been changed 
and are transmitted to the subroutines through the 
Hirtok SIZES The input and output unit numbers are also trans- 
lltTe’d t^ugh so only the main program has to be c^ged 

Sheathe dimensions or input and output numbers have to be changed. 
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Subroutine DATA 

TMs subroutine still perfomis tbe same basic purpose as the 
rtT--fiT+nal i e. the initialization of the design data (IC 
the weight coefficients and exponents (AC) and the weights { ). 

However, there are several major changes: 

1 All initialization is done with arithmetic statements, 
instead of a combination of arithmetic and data state- 

ments* 

2 The real design data (C) is first set to 0.0. Selected 
values are then specified. The specified values are 
given both in the WAATS Design Data listing and Input 

Data form. 

3 The weight coefficient and exponents are 
‘ set to 0 0 and then selected values 

soeciiied values are based on a study of the equations 
in ref 5 In cases where there were more than 
equation! high speed, rocket powered aircraft were taken 

as the reference. 

The coniponent «lghts are all set to 0.0, as la the original 

subroutine . 
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Subroutine INPUT 


As In the original subroutine the design data and the coef- 
ficients Ldexponints for the weight equations are read with a 
iiSeUs? Th* non-zero .eight coefficients »nd expo- 

SHign^La ts printed’ in tabular form to facilitate checking. 
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Subroutine MASS 


This subroutine has been completely reorganize<i With a few 
exceptions, the component weights that do not depend on the Take- 
off Landing or Entry weight have been taken out of the iteration 
loop. A flow chart of the subroutine developed directly from the 
coding is shown following the subroutine listing. 

The program has a shape flag, ISHAPE, for specifying the 
vehicle configuration: 

ISHAPE “ 1 Booster Type (no wings or tail) 


ISHAPE » 2 Aircraft 


ISHAPE =» 3 Lifting Body 

ISHAPE » 4 Lifting Body plus Wing 


A study 
through 
ration, 
provide 


of the flow chart shows that there are only two paths 
the program: i.e., ISHAPE - 1 and 3 are the same configu- 
as are ISHAPE » 2 and 4. Therefore, the Input Data Forms 
only for ISHAPE - 1 and 2. 
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BODY STRUCTURE 


ViBASIC*AC( 14)*S8Q0Y*AC(15)*( (£LeCCY*XLF/He0CY»**0.l5OQMAX**0. 16 
*SaC0Y**l.05 J**AC( eU*AC( 16J 
>iSECST»AC« 17)*S8CDY+AC( 18) 
hTHRST»AC(l9»*TT0T*-AC( 20) 

ViINFUT-ACaaO) *VFUTK«-AC< 131 ) 

WINQXT»AC( 132) *VOXTK*-AC( 133) 

hanDY»HBASrC»^SECST»HTHR ST*-WINFUT»W INCXT 














.DM.LE.l.O, 


CM.GT.5.0, 


|PR«800 . Q/( CM«*4»935.0) 













0 


RAMJET ENGINE 
hENGS»AC(82)*TTGT+AC(83» 


RCCKET ENGINE 

NENGS»AC(28 )*TTOT+AC( 29) •TTOT*ARATIO**ACI 30)*AC(3l)*ENGINS 
NGI MBL-AC( 55)*( 750.0*nTCT/ENGINS/PCHAH»**l,25)**ACUlO)^AC( 561 


CRYOGENIC FUEL SYSTEMS 

WFUNCT»AC(36)*VFUTK>AC( 3T) 

WOXCNT»AC(28)*VOXTK*AC(39» 

WINSFT«AC(40)*SFUTK+AC( 41) 

WINSOT-AC(42)*SGXTK>AC(43) 

WFUSYS«AC(44)»TT0r^AC(45)*ELBQ0Y+AC(46) 

WOXSYS*AC(47)*TTOT+AC(48)*ELBCOY4-AC(49) 

WPRSYS«AC( 50)*VFUTK«-AC( SI) ♦.'OXTK>AC(52> 


STORASLE PROPELLANT FUEL SYSTEMS 
GAL«7.481*VFUTK 

ViFUNCT«AC(36 )*(GAL/TANKS )**0 .6 *TANKS *AC ( 37 ) 
WBPUMP*TTCT*( 1.75*0.266*ENGINS)*0.001 
VI0ISTI»AC( 104) *ENG INS* SORT (TTOT/ENGINS) 
NOIST2«0.255*GAL**0.7*TANKS**0.25 
WFCONT»0.169*TANKS*SQRT(GAL) 
KREFUL»TANKS*(3.0+0.45*GAL**C13) 
WCRANS»0.159*GAL**0.65 
V>SEAL*0.045*TANKS*(GAL/TAAKS)**0.75 

WFUSYS«WBPUMP*I«0IST1*M0I ST2*WFC0NT4-KREFUL*)i0RANS+VSEAL 
WPRSYS»0.0009*TTCT*TANKS 


F 
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ITERATE ON THE HEIGHTS 


PRINT THE HEADING 
NC*0 


NC»NC+l 

WTOX«WTO 


AERODYNAMIC SURFACES 


ISHAPE 


HWlNG-ACil )*lWTO*XLF*STSPAN*SWING/TROOt)#*ACI73)*1.0E-06 
«-AC( 2I*SWING>AC( 3) 

♦>AC(117)*(WLAND<'XLFASTSPAN*SWING/TROOT*1.0E-09)**AC( 113) 
HVERT«AC( 4)*SVERT**ACI 8S)^AC(5) 

WHOR2*AC (6 )♦( (WTO/SWING )**O.6*SHORZ**l.2*QMAX«C.0) ♦♦AC (<;0)*AC( 7) 

»ACI 119)^( (WLAND/SHNG)^^0«6^SH0RZ^*1.2^CMAX^^0»8 >*<AC(120> 


HFAIRaACC 8I^SFAIR+AC(9I 
WSURF«WW ING»>iVERT*HHORZ*WFAIR 


LAUNCH AND RECOVERY SYSTEMS 


WLANCH»AC( 23)^HTO*AC (24) 

WLG«AC(25) •WTO^^AC(lOll>AC( 26 1 ♦WLANO^^AC ( 12 1 ) ♦ AC ( 27 ) 

hgear-wlanch>hlg 













ORIENTATION AND SEPARATION SYSTEMS 

WACSFU»AC t 96)*WT0*AC ( S7 ) ♦ AC ( 134I*V»ENTRY 
WACSOX»WAC5FU*QFACS 
W ACSP*WAC SFU+WAC SOX 
WACSRE«ACC15)*WACSP 

WACS«AC( 57!' • WTO** AC (58 ) *AC( 59 l*AC ( 124 )*W ENTRY** AC ( 125 ) 
WACSTK«AC(i)4)*WACSP*AC(65) 

WAER0»AC(60)*(WTa**C23*( ELBC0Y*GSPAN)**O.25)**AC(llll+4C(6lJ 
♦ AC( 122)*(WENTRY**C23*(ELBC0Y*GSPAN)**0.25I**AC(123» 
WSEP»AC(62 )*WTC*AC(63) 

W0RNT«WGIM6L*WACS*WACSTK*WAERC*WSEP 


POWER SUPPLY 

WELECT»AC ( 66 )*( SORT (WTO )*ELeOOY**0 .25 )**AC ( 1 12H-ACC67) 
■*-AC( 126)«( SQPT( WENTRY l*ELfiCnY**0.25>**AC(127 ) 
WFYPNU»AC(68 ) ♦( ( SW ING+SHORZ*SVERT)*0.C010*QMAX)**0.334O 
*( SQRT( EL8CDY*STSPAN1*TYTAILJ**AC(113)*AC(69) 

♦AC( 128 )*WTO*AC( 129I*WENTRY 
MPWRSY»WGLECT+WHYFNU 


AVICNICS ANC CREW SYSTEMS 

WAV0NC»AC(7C) *WTG**AC ( 114)*AC (71 ) 
WCPR0V«AC(74) *WTC*AC( 80 ) *CREW*AC ( 75) 


DRY WEIGHT AND DESIGN RESERVE 

WORY«WSURF+WBODY+WTPS + WGEAR«-WPRCPU*WCRNT*WPWRSY*WAVONC*MCPROV 
WCCNT»AC(98 )*WORY*AC ( «9 ) 


EMPTY, LANDING, ENTRY AND TAKEOFF WEIGHTS 
WEMPTY«WDRY+SCCNT 

WLANO*WEMPTY*WPAYLD*WCREW+WRESID*WACSRE 

WENTRY»WLAAC*WACSP 

WTC«V»ENTRY*WPMAIN*WPRESV*wPlOSS 


PRINT THE WEIGHTS 

WRITE NO, WORY,WEMPTY,WLANO, WENTRY, WTO 


(WTOX-WTO/WTC) .GT.O, 


return! 


OkiOIN.'^-L pack 13 
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Subroutine ATMOS 


This subroutine has been extensively revised. The input is 

?iriie?5niearo?M-^sny’ ( lb/«-lec) AUhougb 

111 in English units, all internal calculations are in SI units. 


SU6R0UTINE ATHCS ( ZEt lERR ) ATHCSOOl 

ATHOS002 
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HM^SOOOU. METERS FRCH THE EQUATION ZH/ C ZH-HHK ATMOSO^l 

ATHQSO^Z 

ERENCE ATM0S043 
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THE LAYER AND TEE TEMPERATUKE GRADIENT. ATM0S081 
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Subroutine PRINT 


subroutine were format 
of the Weight Statement. 
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SUBROUTINE PRINT PRINTOOl 

PRINT002 

PRINT003 

PURPOSE PRINT004 

PRINT THE AIRCRAFT WEIGHT STATEMENT. PRINT005 
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&Q.Q.a.a.^a.CLCL^^^a*^&OLa.a.&>a.&a.OLa.^a.aua.a.Q.&&a.A>a. 
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PRINT076 

RETURN PRINT077 

PRINT078 

FORMAT STATEMENTS. PRINT079 

1000 P0PMAT('1'//‘0ST30,*W EIGHT STATEMENT*) PRIKT080 
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DESIGN RESERVE* tT56tFS.0» PRINT121 
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Input Data 


The input to the program consists of two types of data 
design data and weight coefficients and exponents. The design 
data*describes the vehicle, while the weight coefficients and 
exponents define the equations that will be used to calculate 
the weights. The variable names, the compiled values of the var- 
iables and their definitions are tabulated on the following 
llles Since the data is read with a NAMELIST Statement, only 
those 'values that differ from the compiled values need be input. 

Design Data. — The path through the program is determined 
by the values of the Integer Design Data: ICRY (Propellant Type), 

lENG (Engine Type) and ISHAPE (Vehicle Configuration). There are 
two propellant types (storable and cryogenic) and three engine 
types (turboramjet. ramjet and rocket). The program also pro- 
vides for four vehicle configurations: 

1. Booster Type (no wings and tail) 

2. Aircraft 


3. Lifting Body 

4. Lifting Body plus Wing 

However the path through the program is the same for shapes 
1 aL 3 and is the same for shapes 2 and 4. This gives a 
total of only twelve combinations, which can be reduced to ten by 
omitting the storable propellant-rocket engine combination. The 
inpit dita forms discussed in the next section have been Prepared 
for these ten combinations. Note that the compiled values of the 
Integer Design Data define the same vehicle config^ation (cryo- 
genic propellant, rocket engine and aircraft shape) as the ori- 
ginal WAATS program, but the Engine Type Indicators have been 
rearranged. The majority of the Real Design Data is set to zero; 
however, selected values have been specified to reduce the amount 
of input data. 

Note that the takeoff and landing weights must be estimated. 
These estimates are only used for the first iteration, so they 
need not be accurate. 

Weight rr... fflcients and Exponents . — The most difficult task 
in preparing the input data is the specification of the Weight 
Coefficients and Exponents. The input data form in the next sec- 
tion simplifies the task by showing which values must be speci- 
fied for each vehicle configuration. In addition, the equations 
of ref 5 have been studied and values of the coefficients and 
exponents have been specified, where possible. Incases where 
r'ef. 5 gives more than one set of coefficients and exponents for 


a component, the values specified are 

nnwpred aircraft. Some of the equations have one term with take 
of f weight as the parameter and another term with landing or entry 
weights as the parLeter. In these cases, the coefficients and 
exDonents for the takeoff weight term are specified. The expo- 
lllTs not otherwise specified are set to l.OE-6 to eliminate error 
messages when the program is run on an IBM computer. 
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waats design data 


COMPILED 
SYMBOL VALUE 


I CRY 

2 

I ENG 

3 

I SHAPE 

2 

ACTR 

l.O 

AICAPT 

0.0 

ARATIO 

0.0 

CREW 

2.0 

OH 

0.0 

DM 

1 .0 

EL BODY 

0 .0 

ELNLET 

0.0 

ELRAMP 

0.0 

ENGINS 

2.0 

FCTMCK 

1 .0 

GEOFCT 

1 .0 

GSPAN 

0.0 

hbooy 

1 .0 

OF 

6.0 

OF ACS 

0.0 

PCHAM 

1000. 0 

phigh 

176 .0 

PLOW 

A6 .0 


QMAX 

SBOOY 

SFAIR 

SFUTK 

SHORZ 

SOXTK 

STPS 

STSPAN 

SVEPT 

S'/IING 

TANKS 

thrust 

TRCCT 

TYTAIL 

VFUTK 

VOXTK 

AREF 


0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0 
0.0 
0 .0 
1.25 
0.0 
0.0 
0.0 


DEFINITION 

propellant type INOICATORf 
ICRY»l STORABLE. 

ICRY»2 CRYOGENIC. 

ENGINE TYPE INOICATORf 
IENG*1 TURBORAMJET. 

I ENG»2 R AMJ ET . 

IENG»3 ROCKET . 

^”Is«Pe“’bOOSTER type <H0 -IMGS Of TUO. 
ISHAPE-2 aircraft. 

ISHAPE*3 lifting BODY. 

ISHAPE*A LIFTING BODY PLUS WING. 

thrust scaling factor* 

total capture area of INLETS. ^Q. FT. 

ROCKET ENGINE AREA RATIO lAiRCRAF.). 

number of crew members, 
design altitude, ft. 
design MACH number, 
body reference length, ft. 
total inlet length, ft. 

TOTAL RAMP LENGTH. FT. 
number OF ENGINES. 

MACH number factor. 

GEOMETRICAL OUT OF ROUND FACTOR. 

geometric wing span, ft. 

mXlMUM 0YN4H1C 18/SO. FT. 

“rR.SrjrEJEVm ISjF.ci PLANFOR.. so. ft 

;^?';o”rR.“zrN?“ ?5Rjicr;u««.. .re., so. ft. 

OXIDIZED TANK WETTED AREA. SQ. FT. 

CHORDI, FT 

?CTAL VERTICAL SURFACE PLANFORM AREA. SQ. FT. 
theoretical ’-^^ng area, SQ. ft. 
number of fuselage fuel tanks. 

tmouST of one engine? LS* 

THICKNESS AT THEORETICAL ROOT, FT. 

TAIL TYPE COEFFICIENT. 

VOLUME OP FUEL TANK? CU • 

VOLUME OF OXICIZER TANK, 

reference engine airflow, lb/sec. 



WAATS DESIGN DATA 


COMPILED 
SYM9CL VALUE 


definition 


ULANOI 

WPAYLO 

WPMAIN 

WTOIN 

X INLET 

XLF 


0 .0 
0.0 
0.0 
0.0 
1.0 
4.0 


estimated 

WEIGHT OF 

height of 
estimated 
number gf 


lancing weight, L3. 
PAYLCAO, LB. 

main impulse propellant, 

TAKEOFF HEIGHT, LB. 
lALETS. 


liING ULTIMATE LOAD FACTOR. 


WAATS >«EIGHT COEFFICIENTS 


ako exponents 


COEF. 


AC( 1) 
AC(Z) 

ACC 3) 
ACC^I 
ACCS) 

ACC 6) 

ACC 7) 
ACC8) 

ACC S) 

AC C 10 ) 

ACC 11) 
ACC12) 
ACC13) 

AC C 1« ) 
ACC IS) 
ACC 16) 
ACC17) 
ACC 18) 
ACC 19) 
ACC 20) 
ACC21) 
ACC 22) 
ACC 23) 
ACC 2^) 
AC I 25 ) 
ACC 26) 
AC C 27 ) 
ACC28) 
AC C 29 ) 
ACC 30) 
ACC31) 
ACC32) 


COMPILED 

VALUE 

2905.0 

0.0 

0.0 

5.0 

0.0 

0.00035 
0.0 
0 .0 
0.0 


0.0 

0.3^1 

0.0 

0.98 

0.0 

0.0025 
0.0 
0 .0 
0.0 
0.0 
0.0 
0 .31 
0.0 
0 .0 

0.00766 
0 .00033 
0.5 
130.0 
1782.63 


AC (33) 0.003 

ACC3^) 1994.53 
ACC 25) 


0.0032 


ACC36) 
AC (37) 
ACC 38) 
ACC 39) 
AC (40) 
AC (41) 
AC (42) 
AC ( 43 ) 
AC (44) 
AC (45) 


0.53 
0.0 
1.25 
0.0 
0.59 
0 .0 
0.23 
0.0 
0.0 
0 .0 


DEFINITION 

SlSi 5I11« 

UmcirT.a'SEIWT COEFf ic lENT 
fixed VERTI J JfioSI'SeFF ICIENT . 
yrxE°SJ EcS5'iE“?ML-E.D«T. 

MIRINC HEIGHT COEFFICIENT. 

FIXEC FAIRING HEIGHT. 

not used, 
nct used, 
not lsed. 

SSov'^tE^GHT COEFFICIENT. 

ISoY SilGHT COEFFICIENT. 

fixed body height. coefficient. 

COVER panel height ^^t_cfrTPMT 
launch GEAR WEIGHT COtcFIC lENT . 

2ili 

EsRisrErEro'iif-r.oHrjoEFF.c.ENT 

TUREcSl^EfliGiNrHElG^T EXPONENT 
TURioPAMJE?“iGINE HEIGHT EXPCNENT 

SIl^T I^U-NT. 

o5“uEfT.Nl!''iE"GiT COEFFICIENT. 
"'Jf%Sii"lNsSjTICN'‘HEUH; CCEFFICIENT. 

FfxEt fJec ^“jnEfoif ciEFFICIENT. 

°»1°”Si«"eR S INSULATION HEIGHT. 
'^^cf^cv^TEM height CCEFFICIENT. 

Fult 1«TEN HEIGHT CCEFFICIENT. 


waats weight coefficients and exponents 


CQEF. 


ACIA6) 
AC(47) 
ACIA8) 
ACt A9) 
ACISOl 
ACf 51) 

AC (52) 
AC( 53) 
AC(5A) 
ACI55) 

AC ( 56 ) 
AC( 57) 

AC( 58) 

AC ( 59 ) 
AC(60) 
AC(61) 
AC(62) 
AC( 63) 

AC(64) 
AC (65) 
AC(66) 
AC( 67) 
AC (68) 
AC( 69) 
AC (70) 
AC(71) 
AC(72) 
AC (73) 
AC( 7A) 
AC(75) 
AC ( 76 ) 
AC(77) 
AC( 78) 
AC ( 79 ) 
AC( SO) 
AC(31) 
AC( E2) 
AC( 83) 

AC( 84) 

AC (85) 
AC( 86) 
AC( 97) 
AC (88) 
AC ( 89 I 
AC ( 90 ) 
AC( 51) 
AC(92) 


COMPILED 

VALUE 


0 .0 
0.0 
0.0 
0.0 
0.45 
2.45 
0 .0 
4.345 
I .0 
0.0 
0 .0 
78.5 

0.079 
0.0 
0 .323 
0.0 
0.0 
0.0 
0.10 
0.0 
1.167 
0.0 
2 .64 
0.0 
66 .37 
0.0 
220.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.608 

0.0 
I .0 
0.1 
0 .0 
0.0 
0 .0 
0 .0 
0.0 

1.09 
1 .0 
0.0 
0 .0 


OEF INITICN 


PTXED FUEL SYSTEM HEIGHT. 

OXIDIZER TANK PRESSURE SYSTEM HEIGHT COEFFICIENT 
FIXED PRESSURE SYSTEM WEIGHT. 

INLET HEIGHT CCEFFICIENT. 

inlet height exponent. 

GIM8AL SYSTEM HEIGHT CCEFFICIENT. 

FIXED GIMBAL SYSTEM HEIGHT. 
attitude CCNTPCL system system WEIGHT 

ATTITUOE^CONTRGL system SYS^M WEIGHT EXP0« 
FIXED ATTITUDE CONTROL SYSTEM SYSTEM HEIGHT. 
AERCCYNAMIC CCNTROL SYSTEM WEIGHT COEFFICIENT. 

M«S mr5o»n.»ic conircl system weight. 

SEPARATION SYSTEM HEIGHT COEFFICIENT. 

:iTl?UDrroJJJSJ syI^IJ tIJ^Ieight co^icient, 

eJStRICAL system height COEFFICIENT. 

C0EEE,C.E,T. 

JuEC HTD«>UUC/ENEUM4TIC system weight, 
avionic system height coefficient. 

FIXED AVICNIC SYSTEM HEIGHT. 

CREW HEIGHT COEFFICIENT. 

FIXED CREW HEIGHT. 

CREW PROVISIONS HEIGHT COEFFICIENT. 

FIXED CREW PPCVISIONS WEIGHT. 

FIXED INSULATION HEIGHT. 

FIXED COVER PANEL WEIGHT. 

WING HEIGHT EXPONENT. 

CREw'^PROVI SIGNS WEIGHT CCEFFICIENT. 

body weight EXPONENT. 

ramjet engine WEIGHT CCEFFICIENT. 

FIXED RAMJET ENGINE HEIGHT. 

RESERVE FUEL HEIGHT COEFFICIENT. 

FIXED RESERVE FUEL HEIGHT. 

RESERVE OXICIZEP HEIGHT COEFFICIENT. 

FIXED RESERVE OXIDIZER HEIGHT. 

nct used. 

VERTICAL TAIL HEIGHT EXPONENT. 
horizontal tail WEIGHT EXPONENT. 

FIXED TURBCRAMJET ENGINE WEIGHT. 
residual fuel WEIGHT COEFFICIENT. 


48 


WAATS WEIGHT COEFFICIENTS AND EXPONENTS 


CQEF. 

COMPILED 

VALUE 

AC( ^3) 

0.0 

AC (94) 

0.0 

aC<95) 

0.0 

AC(96) 

0.0 

AC(97) 

0.0 

AC (98) 

0.0 

AC( 99) 

0.0 

AC( 100 ) 
AC(IOI) 

0.795 

ACf 102) 

0.0001 

AC(I03) 

0 .0 

AC( 104) 

0.316 

AC (105) 

0.0 

AC( 106) 

117.35 

AC ( 107) 

0.294 

AC ( 108) 

0.0 

AC( 109 ) 

0.0 

AC(IIO) 

1 .OE-6 

AC( III) 

0.903 

AC( 112 ) 

1.0 

AC ( 113) 

1.0 

AC( 114) 

0.361 

AC( 115 ) 

0.0 

AC( 116) 

0.0 

AC(117) 

0 .0 

AC( 113) 

l.OE-6 

AC (119) 

0.0 

ACC 120 ) 

l.OE-6 

AC( 121 ) 

1 .0E*6 

ACC 122 ) 

0.0 

ACC 123 ) 

l.OE-6 

AC( 124) 

0.0 

AC( 125 ) 

UJ 

o 

. 

ACU26 ) 

0.0 

ACC 127) 

l.OE-6 

ACC 128 ) 

0.0 

ACC 129) 

0.0 

ACC 130 ) 

0.0 

ACC 131) 

0.0 

ACC 132) 

0.0 

ACC 133) 

0.0 

ACC 134) 

0.0 


DEFINITION 


FIXED RESIDUAL FUEL WEIGHT. 

RESIDUAL OXIDIZER WEIGHT COEFFICIENT. 

FIXED RESIDUAL CXIOIZER WEIGHT. 

ATTITUDE CONTROL SYSTEM PROPELLANT WEIGHT 
CCEFFICIENT. 

FIXED ATTITUDE CONTROL SYSTEM PROPELLANT 
WEIGHT. 

CONTINGENCY AND GROWTH WEIGHT COEFFICIENT. 
FIXED contingency AND GROWTH WEIGHT. 

NOT LSEO. 

LANDING GEAR WEIGHT EXPONENT. 

ENGINE MOUNT WEIGHT CCEFFICIENT. 

FIXED ENGINE MOUNT WEIGHT. 

FUEL DISTRIBUTION SYSTEM WEIGHT COEFFICIENT. 
FIXED INLET WEIGHT. 

RAMP WEIGHT CCEFFICIENT. 

RAMP WEIGHT EXPONENT. 

FIXED RAMP WEIGHT. 

SPIKE WEIGHT COEFFICIENT. 

GIMEAL SYSTEM WEIGHT EXPONENT. 

AERODYNAMIC CONTROL SYSTEM WEIGHT EXPONENT. 
ELECTRICAL SYSTEM WEIGHT EXPONENT. 
HYDRAULIC/PNEUMATIC SYSTEM WEIGHT EXPONENT. 
AVIONIC SYSTEM WEIGHT EXPONENT 
RESIDUAL ATTITUDE CCNTRCL SYSTEM PROPELLANT 
WEIGHT COEFFICIENT. 

PROPELLANT INFLIGHT LCSS WEIGHT COEFFICIENT. 
WING WEIGHT COEFFICIENT. 

WING WEIGHT EXPCNENT. 

HORIZONTAL TAIL WEIGHT COEFFICIENT. 

HCRIZCNTAL TAIL WEIGHT EXPONENT. 

LANDING GEAR WEIGHT EXPCNENT. 

AERODYNAMIC CCNTRCL SYSTEM WEIGHT COEFFICIENT 
AERODYNAMIC CCNTRCL SYSTEM WEIGHT EXPONENT. 
ATTITUDE CONTROL SYSTEM WEIGHT COEFFICIENT, 
ATTITUDE CONTROL SYSTEM WEIGHT EXPONENT. 
ELECTRICAL SYSTEM WEIGHT COEFFICIENT. 
ELECTRICAL SYSTEM WEIGHT EX«>CNENT. 
HYORAULIC/PNEUMATIC system WEIGHT CCEFFICIENT 
HYDRAULIC/PNEUMATIC SYSTE" WEIGHT CCEFFICIENT 
INTEGRAL FUEL TANK WEIGHT COEFFICIENT. 

FIXED INTEGRAL FUEL TANK WEIGHT. 

INTEGRAL OXIDIZED TANK WEIGHT COEFFICIENT. 
FIXED INTEGRAL OXIDIZER TANK WEIGHT. 

ATTITUDE CONTROL SYSTEM FUEL WEIGHT 
CCEFFICIENT. 


Input Data Forms 

Input data forms are shown on the following pages for both 
the design data and the weight coefficients and exponents. Two 
types of forms were originally considered. The first type con- 
sisted of ten separate forms for the ten possible paths through 
the program. The other type, which is the one shown has pro- 
visions for all ten paths on a single set of f°™s. The first 
column of these forms are the variable names, which can be corre- 
lated with the definitions given on the preceding pages, and the 
second column gives the compiled values of these variables. The 
remaining ten columns provide blocks for entering the values of 
the variables. If a block is fil'ed with X’s, a value is not 
required. 
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Example Problem 


The hypersonic cruise transport CHST) studied in ref. 8 was 
chosen to demonstrate the use of WAATS. The basic configuration 
(Fig. 1) is a blended wing-body with a single vertical tail. 

The fuselage and wing are actively-cooled aluminum alloy, while 
the vertical tail is uncooled Inconel 718 (Table I). A water- 
glycol coolant is circulated through passages in the wing and 
fuselage skins. Heat shields are also used on the lower surface 
of the wing aft of the leading edge and on the portions of the 
fuselage with the highest heat loads. 

The propulsion system consists of four turbofan ramjet en- 
gines and nine variable-geometry scramjets. The turbojet engines 
are used from takeoff to Mach 3, at which point the adjustable 
inlet door (Fig. 1) closes off the turbojet ducting. The ramjet 
operate from low transonic Mach numbers to the Mach 6 
cruise condition, with subsonic combustion at the lower Mach 
numbers and supersonic combustion at cruise. 


The fuel for both propulsion systems is liquid hydrogen car- 
ried in two tanks, one forward and one aft of the passenger/ cargo 
compartment. The non-integral tanks are of multicell or "pillow" 
construction (Fig. 1). The material is Inconel 718. Polyure- 
thane foam Insulation is used for thermal insulation of the tanks. 
The fuel is also used as a heat sink for the fuselage, wing and 
scramjet cooling systems. 

Tables I and II (reproduced from ref. 8) give the majority 
of the data required for the analysis. Additional data will be 
presented as it is used. 

The preparation of the input data forms will be discussed 
first This will be followed by the input and output listings 
and a’ comparison of the WAATS Weight Statement with the HST Weight 
Summary given in ref. 8. 


Design Data. — The input data forms are shown o n pages 52 - 
59 Since the HST has two types of engines and WAATS allows the 
specification of only one type of engine, a choice had to be made 
as to the basic engines for the analysis. The turbojet engines 
( ICRY ™ 1 ) were selected because the weight calculations for these 
engines are complex, while the ramjet engine weight can be easily 
calculated and input as a fixed weight. The fuel being liquid 
hydrogen gives ICRY - 2. The vehicle shape (Fig. 1) is that of 
an aircraft, so ISHAPE = 2. These three parameters define .he 
applicable column in the input data forms. The entries in the 
forms consist of asterisks, if the compiled value is used, and 
the values to be used, when the compiled values are not to be 

used . 




Figure 1. - Baseline hypersonic Transport 




TABLE I 


BASELINB HST SUMMARY CHARACTERISTICS 



Mission 

Cruise Mach nunber 

Payload weighc 

Payload volume 

Performance 

Fuel 

Operaclons 

Flight cycles for structural design 
Vehicle 


6.0 

22 700 Wg (50 000 lb) 
453 (16 000 fc^) 


liquid hydrogen 


20 000 


c ic 

blended wlng-bodv with single vertical tall 
~dlfi=d CO .0,^0=. p„co.p«..loo aod occo.. 

inodate propulsion system Installation. 

, m nr- non-tnregral fuel tanks fore and aft; 

General arrangement, non ini-esiai 

centrally located payload compartment. 

AC -elerator /loiter engines: four PW STF-230A-type 

Cruite/accelerator engines; horirontal array of d - 
com^stlon-mode. variable-geometry scramjets 

D esign and sc rue cures 

vinv actively-cooled aluminum alloy per reference^ 
ie^lcal tail: uncooled Inconel 718 per reference ^ 

r/i Ics: ““it^Iy-cooUd, cc-d.=.pdldddl 

Propulsion Installation: per reterence b_ 

S cenus . o».r3Ci,, 

referrcesS?"*and 5 -Termetlcally sealed polyurethane foam 
insulation system for fuel tanks. 


Weight 


Gross take-off weight of 213 iOC kg (iSi 400 lb) 
Technologv le vel 

presently postulated or immediately foreseeable 



TABLE II 


AIRPLAiNE CONFIGURATION AND WEIGHT SUMMARY DATA 


Fuselage length, 1^. 91.4 a (3CC ft) 


Reference area (projected wing), S 


. 366 a- (9323 ft^) 


Wing loading at take-off, (51.6 Ib/ft^) 


Wing thickness ratio, t/c 


Vertical tail area, S. 


* 0.03 


94.8 a" (1020 


PayloaH compartment volume 


Total fuel tank volume 


453 m (16 000 ft ) 
1020 (36 000 ft^) 


Total turbojet thrust (S.L. static), 


T N 
TJ TJ 


1 032 000 N (232 000 lb) 


Maximum thrust-weight ratio at take-off, (T/W) 


0.482 


Scramjet module size: 0.927 n x 0.927 m (3-04 ft x 3.04 rt) inlets 

6.4 m (21 ft) length 


Dry airplane weight, W 


. 123 200 kg (271 600 lb) 


Fuel weight, W^ 
‘T 


69 400 kg (153 COO lb) 


Gross. take-off weight, W 


. 213 400 kg (431 400 lb) 


Dry airframe/gross take-off weight, • 


0.5641 


Payload/gross take-off weight, 


0.1038 


Main fuel /gross take-off weight, W^ 


0.3173 



The inlet capture area (AICAPT) is not specified in ref. 8 
for the turbojet engines. From Fig. 1. however, it appears to be 
approximately equal to capture area of the ramjets which is 83.2 
ft^ fTable II) so this value will be used. Also from Fig. 1, it 
appears from the flight deck layout that there are provisions for 
three crew members (CREW =3.). The altitudes at the beginning and 
end of cruise are given on page 2-31 of ref. 8; the latter (DH 
94 600 ft) was chosen as the design altitude. The design Mach 
number (DM»6.) is given in Table I. while the fuselage length 
(ELBODY- 300. ft) is given in Table II. The inlet and ramp lenphs 
(ELNLET-53. ft and ELRAMP = 20. ft) were scaled from Fig. 1. The 
Mach number factor (FCTM0K = 1.5) and the geometrical out of round 
factor (GEOFCT * 1 . 33) used in calculating the duct weight are de- 
fined in ref. 5, page 57. 

The geometric span (GSPAN = 112. 5 ft) is shown in Fig. 1, and 
the maximum body height (HB0DY = 16. ft) was scaled from the same 
figure Since the fuel is liquid hydrogen, with no oxidizer, the 
oxidizer to fuel mixture ratio (OF) mi^t be set to zero. The max- 
imum dvn ami c pressure (QMAX * 948. Ib/ft^jwas taken from ref. 8. 
iai^ 2-34 The surface area of the body (SBODY = 19 000. ftM was 
approximated by scaling Fig. 1. as was the surface . 

fuel tank (SFUTK = 4500. ft‘). The vertical tail area (SVERT =■ 1020 . 
ft^) and the wing area (SWING = 9323. ft-) are given in Table II. 

Ref. 8 page 2-3S, states that heat shields are used on the 
lower surface of the wing and fuselage, but does not give the 
total area. However, it does specify the ° . 

Ib/ft^ and the total weight is given in Table III as 10 200 1b, 

therefore; 


STPS 


10 200. /0. 9 = 11 333. ft' 


The structural span (STSP.AN - 109.5 ft) and the wing thickness at 
the root (TROOT = 3 . 3 f t ) were scaled from Fig. 1. The tail type 
coefficients (TYTAIL=1.) was assumed to be that for a conven- 
tional tail (ref. 5, page 71). The fuel tank volume ( 7FUTK - 
36 000.ft^) is given in Table II. The reference engine airflow 
(WAREF*400. lb /sec) was chosen arbitrarily and is ^ 

later section The estimated landing weight (WLANDI - 400 000 . lb) 
and the estimated takeoff weight (WTOIN = 500 000 . lb) were also 
chosen arbitrarily. The payload weight ( WP.AYLD = oO 000 . lb) is 
given in Table I . 

The main propellant weight is given in Table II as 153000. 
lb. This includes a climb fuel fraction (Kcl = 0-‘10)- ^ descent 
fuel fraction (Kd=* 0.02) and a reserve fuel fraction (% = 0.10); 
which leaves 48 percent of the total fuel for cruise (ref. 8. 
pages 2-22 and 2-27). WAATS has provisions for a main impulse 
propellant weight and a reserve fuel weight coefficient. For 
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this example these are taken as WPMAIN * 136 000 , lb and AC(84) = 
0.125, to give the correct total propellant weight. 

Ref. 8 does not specify the load factors. However, much of 
the data used in this reference is derived from refs. 22 - 24. In 
ref. 22, page 159; a vertical load factor of +2.0 g with an ulti- 
mate factor of safety of 1.5 is specified. These values will be 
used to give XLF*3. 

Weight Coefficients and Exponents . — As can be seen from the 
input data forms, the compiled values are used for the majority of 
the weight coefficients and exponents. Therefore, only the equa- 
tions for which the compiled values are superceded will be dis- 
cussed. The equations will be considered in the order in which 
they appear in ref. 5. 

Wing and Body Structure: The compiled values are those for 

high speed aircraft with high temperature construction. Provi- 
sions are not made for the actively-coded aluminum structure of 
the HST; therefore, the compiled values will be used. 

Thrust Structure: The equation for the tirust structure for 

airbreathing engines is given in Fig. 3.2-3 of ref. 5 as 

WT =* 0.00625(TTOT) + 69 


Thus AC( 19) = 0.00625 and AC( 20) =69. 

Thermal Protection System Cover Panels: The unit weight of 

the heat shields was specified in the preceding section, i.e., 
AC(22) = 0.9. 

Landing Gear: The landing gear weight is assumed to be a 

function of the landing weight, not the takeoff weight; therefore, 
from ref. 5, Fig. 3.4-2, AC( 26 )» 0 . 00916 and .AC( 121 ) = 1 . 124 . Note 
that .AC(25) and AC(lOl) must be set to zero. 

Engines: The compiled values of the coefficients and e.xpo- 

nents were used to calculate the weight of the turbojet engines. 
The airflow through the engines (WA = WAREF ♦ ACTR) could not be 
calculated from the available data, so they were assumed (WAREF= 
400. Ib/sec and ACTR=1.) to make the engine weight approximately 
equal to that given in ref. 8. The weight of the ramjet engines 
is included as a fixed engine weight by using AC(82) =0.1 and 
dividing the result by four to get an equivalent fi.xed weight per 
turbojet engine, i.e., 

.AC(91) * 0 . 1 .X 157 000 . /4 . = 3925. Ib/engine 



Engine Mounts: The engine tnount weight coefficient (AC(102) - 

0.004) suggested in ref. 5. page 41. was us 

Fuel Tank Insulation: The basic 

^rf''s"aS%S%uggesierr^ giving 

.AC(40) = 0.0007(500. )+ 0.24 = 0.59 
This was thea -rrscteh for flight d^atloh 

??rgh“fi.rsp:^fn™ \iTZ ^i^fT200. sec. Therefore, the 
maximum value on the curve was used, giving 

.4C(40) = 0.59 x 1.04 = 0.61 

Fuel System: The equation for the fuel system weight given 

in ref. 5, page 52, is 

WFUSYS =• AC(44) * TTOT + -AC(45) * ELBODY + AC(46) 

The weight <=o««i<=lr'%*li‘*^iir?0o'o00 ’ir Iq^aJloL'ilre'wrlt: 
where the ma.timum thrust is only 100 000. ^ 

ten for these sq 11 was consulted. This 

232 000. lb were Jf^l'-reco^ends values of ,4C(44) = 0 . 0015 to 

reference (pages on ) j ir<’4‘5'i =0 The largest recommended 

0 003 for liquid hydrogen and .AC(45)-0. me large:, 

value (AC( 44) =0.003) is used. 

Pressurization Systems: The weight of the fuel pressuriza- 

tion system is given in Fig. 3.5-11 oi rt . - a 

WT = 0.45 ♦ VFUTK 

This | 0 uation gives a^very -J»-„;°^f'?L'^qu??alenf weUit 

^ ft Uquid hydrogen storage temperature and a pres- 

illl°/ollTelArt\le lllulcllh in thn equation ahcve. This 
value (AC(50) = 0.045) is used. 

j /'ctas-yrhi <5v<?tem- Ref. 3 does not mention an attitude 
contrfl'sySim for the HST. so AC(57) and AC(58) were set to zero. 

^'■^’'fflcIentr^'ThreiJiyni e^lronmLm? control xeigSJ 
coefficient (.AC(74) = 0.0005) was taken directly from the table. 
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The fixed crew provisions weight (AC(75) = 400. ) was taken as the 
sum of the items in the third column of the table. The crew pro- 
visions weight coefficient (AC(80) = 260. ) was taken as the sum of 
a 100-lb seat and the remaining items in column 2 of the table. 

Trapped Fuel: Ref. 5, page 80, gives a range of AC(92) = 

0.005 to 0.03. The average value (AC(92) = 0.018) was used. 

Reserve Fuel: See the discussion on the mai" propellant 

weight in the previous section. 

Inflight Losses: The inflight loss fraction is assumed to 

be AC( 116 ) “ 0 . 028 to give the same losses as predicted in ref. 8. 
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j Ti<zt\n^s — The input data listing is 

„ toil ed b, the output listing. The in- 

Shown on the ’ tiy from the input data forms, except 

put data was taken (T\NKS - 2.0) is specified. This 

used- bui S^fare tio tanks (Fig. 1) and 

ISI^n^ber ?s ponied in the output, it .as Included. 

Thgk outnut consists of the NAMELIST listing, a list of the 
The output consist tables of the design data, a 

non-zero weight _u|. statement. The NAMELIST list- 

mass iteration table and data is also printed 

ing is superfluous, since or the tables of de- 

?L“m^rite«tion table shows the principal weights 
sign data. nation loop. If reasonable values are used 

?^r'?L*°silLrol lading weights, the convergence is 

very rapid. 



input data - HST EXAPPLE 


tINWAP IENG«l.t 
AICAPT*83.2t 
CREW-3 .0 * 

OH— 94600 • 0 » 
0M-6.0t 
ELBOOY-300. 0 1 
ELKLET»58.0f 
ELRAMP-20.0t 
ENGINS*4.0f 
FCTWGK-1.5» 
GEOFCT-l .33t 
GSPAN-112.5 f 
hBCOY- 16. Ot 
CF-0.0 f 
SXAX*948.0f 
SBCOY-19000 .0» 
SFUTK-4500.Ct 
STPS-I1333.0t 
STSPAN»109.5» 
SVERT-1020 .0» 
SHlNG-9323.0» 
TANKS-2.0» 
thrust «58000.0» 


TRCOT-3.3. 


TYTAIL-1 .Of 

VFUTK-36000.0* 

MAPEF-400.0t 

WLAN0t*4C0000.0t 

WPAYLO-SOOOO.Ot 

tiPP Al N- 1 36 COO .Of 

WTOIN-SOOOOO.Of 

)iLF-3.0f 

8C( I9)*0.00625f 


AC(20)-69.0f 
AC( 22>-0.9f 
AC(25J-0.0f 
AC( 26) »0. 009l6f 
#C140)*0 .6lf 
AC< 44) *0.003 f 
AC(50)-0 .045f 


AC(57) *0.0f 
4C(58)-O.Of 
AC (74) *0 .0005 f 
AC( 75) -400. Of 
AC(80)-260.0f 
AC( 84) -0. I25f 
AC(91)-3925 .Of 
AC(92) -O.OlSf 


AC( 101 )-0 .0 

ACC 102) -0.004f 
AC ( 116 )*0 .0316f 
AC(1211-l.l24f£EN0 
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NCN-i£RQ VjEIGHT CCEFFICIENTS 


ACC 1) » 

2905.00 

ACC 4) » 

5.00000 

ACC 6) * 

.350000E-03 

ACC 151 » 

.341000 

ACC 17) » 

.980000 

ACC 19) « 

.625000E-02 

ACC 20) » 

69.0000 

ACC 22) » 

.900000 

ACC 26) » 

.9160COE-02 

ACC 28) » 

. 766000 e-02 

ACC 29) » 

.330000E-03 

ACC 30) * 

.500000 

ACC 31) » 

130.000 

ACC 32) « 

1782.63 

ACC 33) » 

. 300000 E-02 

ACC 34) * 

1994.53 

ACC 35) » 

.32C00OE-O2 

ACC 36) « 

.530000 

ACC 38) ” 

1.25000 

ACC 40) » 

.610000 

ACC 42) - 

.230000 

ACC 44) « 

.3C00C0E-02 

ACC 50) « 

.4500006-01 

ACC 51) * 

2.45000 

ACC 53) * 

4.34500 

ACC 54) = 

1.00000 

ACC 60) > 

.323000 

ACC 64) » 

.100000 

ACC 66) = 

1.167C0 

AC C 68) » 

2.64000 

ACC 70) » 

66.3700 

ACC 72) * 

220.000 

ACC 74) « 

.5C00C0E-03 

ACC 75) * 

400.000 

ACC 78) = 

.6C80C0 

ACC 30) » 

260.000 

ACC 81) « 

1.00000 

ACC 82) * 

.100000 

ACC 84) » 

.125000 

ACC 89) » 

1.09000 

ACC 90) » 

1.00000 

ACC 91) » 

3925.00 

ACC 92) * 

. 180000 E-Ol 

ACC 102) * 

.4C00C0E-02 

ACC104) » 

.316000 

ACC 106) » 

117.350 


ACU07I * .294000 

AClllO) » .lOCOOOE-05 
AC(lll) * .903000 

AC(112) * l.CCOOO 
AC(113) * 1.00000 

AC(L14) = .361000 



NCf^ZERQ WEIGHT COEFFICIENTS 


AC (1 16 I = 
ACIU8) 
AC(120) > 
AC(l2l» » 
ACI1231 * 
ACI125I » 
ACI127J = 


.316000E-01 

.lOOOOOE-05 

.lCOOOOE-05 

1.12400 

.lCOOOOE-05 

.lCOOOOE-05 

.100000 E-05 
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data 


WETTED AREAS 

GROSS BODY 
FUEL TANKS 
OXIDIZER TANKS 


19000.00 

A5O0.C0 

0.0 


PLAN AREAS 


VERTICAL SURFACES 

horizontal surfaces 

FAIRINGS 

thermal protection SYSTEM 


9323.00 

1020.00 
0.0 
0.0 

11333. CO 


dimensional data 

WING GEOMETRIC SPAN 

WING STRUCTURAL SPAN 

WING THICKNESS AT THEORETICAL ROOT 

TOTAL INLET CAPTURE AREA 

ROCKET ENGINE AREA RATIO 

TOTAL INLET LENGTH 

TOTAL RAMP LENGTH 

body length 

BODY height 

fuel tank volume 

OXIDIZER tank volume 


112.50 

109.50 
3.30 

83.20 

O.C 

58.00 

20.00 

300. CC 

16.00 
36000. CO 
0.0 


ENGINE DATA 


ENGINE TYPE 
number of ENGINES 
THRUST OF ONE ENGINE 
thrust SCALING FACTOR 

number of inlets 
reference engine airflow 

ROCKET ENGINE CHAMBER P»*ESSURE 
TURBORAMJET INLET PRESSURE (UPPER) 
TURB’CRAMJET INLET PRESSURE (LCWER) 


TUP80RAMJET 
A. 00 
58000.00 
l.CO 
1.00 
AOO.CC 
1000. CO 
176 .00 
A6.00 


WEIGHTS 


PAYLCAO 

MAIN IMPULSE PROPELLANT 
ESTIMATED TAKEOFF WEIGHT 
estimated landing WEIGHT 


50000.00 

136000 .00 

500000.00 
AOOOOO .00 
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design oata 


OTHER DESIGN DATA 


number cf crew 

DESIGN ALTITUDE 

design MACH NUMBER 

MACH NUMBER FACTOR 

GEOMETRICAL CUT OF ROUND ^*CTCR 

OXIDIZER TO FUEL MIXTURE PATIO 

ACS OXIDIZER TO FUEL MIXTURE RATIO 

MAXIMUM DYNAMIC PRESSURE 

NUMBER OF FUSELAGE FUEL TANKS 

TAIL TYPE COEFFICIENT 

ULTIMATE LOAD FACTOR 

nooQCI AMT TYPE 


SHAPE 


3. CO 
94600.00 
6. CO 
1.50 
1.33 
0.0 
0.0 

948.00 

2.00 

l.GO 

3.00 

CRYOGENIC 

aircraft 
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^ ra m 


MASS ITEPATIQN 


NO 


DRY 

WEIGHT 

243798. 

235992. 

235142. 

235C49. 


EMPTY 

WEIGHT 

243798. 

235992. 

235142. 

235049. 


lancing 

WEIGHT 

297212. 

289406. 

288556. 

288463. 


ENTRY 

WEIGHT 

297212. 

289406. 

288556. 

288463. 


TAKEOFF 

WEIGHT 

454509. 
446703. 
445853. 
445761 . 
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height s 


TATEM6NT 


aerodynamic surfaces 

vertical surfaces 
horizontal surfaces 
fairings 

body structure 
BASIC structure 

SECONDARY STRUCTURE 

thrust structure 
integral 

INTEGRAL OXIDIZER TANKS 

EN,lORNHENTAt PACT ECT ION SYStEN 
INSULATION 
COVER PANELS 

launch and recovery systems 
launch system 
landing gear 

main propulsion system 
engines 
engine mounts 
fuel tanks 

OXIDIZER tanks 
?GeL TANK insulation 
OXIDIZER tank insulation 
FUEL SYSTEM 

PROPELLANrPRESSURIZATION SYST 
inlet SYSTEM 

mentation ANO SEPARATION SYSTENS 

gimbal system 

r,Vi™l s;’s?EN TANK.OE 

aerodynamic control SYS 
separation system 

rover supply _ 

electrical system ^ 

HYORAULIC/PNEUMATIC - 


33584. 

9514, 

0 . 

0 . 


58110. 

18620. 

1519. 

0 . 

0 . 


0 . 

10200 . 


0 . 

12566. 

42118. 

928. 

19080. 

0 . 

2745. 

0 . 

696. 

0 . 

1620. 

7521. 


3166. 


3243. 

1150. 


ftVlONlCS SYSTEM 
CREV SYSTEMS 


43098 . 
78249. 

10200. 
12566 . 
74708. 


3166. 


4393. 


7267. 
1403 . 


235049. 


dry height 


WEIGHT STATEMENT 


CRY WEIGHT 


DESIGN RESERVE 
EMPTY WEIGHT 


PAYLOAD 


50000. 

CREW 


660. 

RESIDUAL PROPELLANTS 
TRAPPED FUEL 
TRAPPED OXIDIZER 

2754. 

0. 

2754, 

LANDING WEIGHT 



ATTITUDE CONTROL SYSTEM 
FUEL 

CXIOIZER 

PRCPFtLANTS 

0« 

0. 

0. 

ENTRY WEIGHT 



PAIN PROPELLANTS 
FUEL 

CXIOIZER 

136000. 

0. 

136000 

RESERVE PROPELLANTS 
FUEL 

CXIOIZER 

I7Q00. 

0. 

17000 


INELIGHT LOSSES 
TAKECFF WEIGHT 


235049. 

235049. 

288463. 

238463. 

445761. 
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Comparison of Results . — The Weight Summary for the HST is 
shown in Table III (adapted from ref. 8, page 2-42). Since there 
is not a one-to-one correspondence between the weight items in 
the WAATS Weight Statement and the HST Weight Summary, the weight 
breakdown shown in Table IV will be used for the comparison. 

Each weight item in the table will be explained and discussed. 

The Empty Weight, Landing Weight and Takeoff Weight will then be 
discussed. 

Aerodynamic Surfaces, Controls and Cooling System: The HST 

"Aero Structure" weights include the control system, while this is 
a separate item in the WAATS Weight Statement. Conversely, the 
cooling system for the wing and fuselage is a separate item in 
the HST Weight Summary. Thus, the Wing, Vertical Tail and Aero- 
dynamic Control System weights are summed to obtain the total 
WAATS weight item. The HST Weight item consists of the Wing, Ver- 
tical Tail and one-half of the Cooling System weight. The cooling 
system weight is equally divided between the wing and fuselage, 
since their wetted areas are almost equal. The resulting weights 
differ by only two percent. 

Body Structure and Cooling System: The WAATS Body Structure 

weight is taken directly from the Weight Statement. The HST 
weight item includes the Body Structure (Covers, Frames and Com- 
partments), Compartment Insulation and one-half of the Cooling 
System weight. The W.AATS weight is eleven percent larger than 
the HST weight. 

Environmental Protection System: This item is identified as 

Cover Panels in the WAATS Weight Statement and Z.xternal Shields 
in the HST Weight Summary. The unit weight and the areas of the 
cover panels were selected to make these weights equal. 

Launch and Recovery Systems: The HST landing gear is forty- 

fotir percent heavier than the WAATS weight estimate. The corre- 
lation curve (Fig. 3.4-2, ref. 5) for landing designed gears 
shows very good correlation, so the WAATS result is assumed to be 
a good approximation. 

Engines and Mounts: The W.1ATS weight item includes the En- 

gine and Engine Mount Weights, while the HST Weight item consists 
of the Turbojet and Scramjet weights. The reference engine air- 
flow (WAREF=« 400. Ib/sec) was arbitrarily selected to give approx- 
imately the same weight as the HST estimate. The resulting total 
weights are within four percent of each other. 

Inlet System: These items are identified as the Inlet System 

in the WAATS Weight Statement and as the Turbojet Air Induction 
in the HST Weight Summary. The HST estimate is almost sixty per- 
cent larger than the WAATS estimate. The correlation curves in 
ref. 5 (Fig. 3.5-12 for the inlet and Fig. 3.5-13 for the ramp) 


TABLE III 


?TEIGHT SUMMARY - BASELINE HST AIRCRAFT 



Weight 

Croup Item 

kg 

lb 

Aero Structure, Wing 

14 800 

32 600 

Wjr Vertical Tail 

3 100 

6 900 

Body Structure* Wp Covers 

15 300 

33 600 

Frames 

4 700 

10 400 

Compartments 

7 900 

17 410 

Propellant Systems, Wp^ Tanks 

15 000 

32 900 

Fuel/Pres/Lub Systems 

2 400 

5 200 

Thermal Protection, Wjp External Shields 

4 500 

10 200 

Cooling System 

6 900 

15 300 

Compartment Insulation 

500 

1 200 

Tank Insulation 

3 400 

7 590 

Turbojet Propulsion, W Turbojet Engines 

11 400 

25 000 

Turbojet Air Induction 

5 500 

12 000 

Scramjets, Wpj 

7 400 

16 200 

Avionics, 

1 450 

3 200 

Equipment, Launch and Recovery 

8 200 

IS 100 

Prime Power S Distributioi 

3 500 

7 800 

Payload Provisions 

7 270 

16 000 

Dry Airplane, 

123 000 

271 600 

Personnel, Residuals and Prime Power Reserve 

1 140 

2 500 

Payload, 

22 700 

50 000 

Vet Airplane S Payload 

147 000 

324.100 ’ 

In-Flight Losses 

2 000 

4 300 

Main Fuel, 

•T 

69 400 

153 000 

Gross Take-Off Weight, W^,^^ 

218 400 

481 400 




TABLE IV 


CCMPARISCN CF WAATS AND HST WEIGHTS 



WAATS 

HST 

AERODYNAMIC SURFACESf CCNTRCLS AND COOLING SYSTEM 

A6 264 

47 150 

eCDY STRUCTURE ANO COCLING SYSTEM 

78 249 

70 260 

ENVIORNMENTAL PROTECTION SYSTEM 

10 200 

10 200 

LAUNCH ANO RECOVERY SYSTEMS 

12 566 

18 100 

ENGINES ANO MOUNTS 

43 C46 

41 200 

INLET SYSTEM 

7 521 

12 000 

FUEL TANKS 

19 080 

32 900 

FUEL TANK INSULATION 

2 745 

7 590 

FUELr PRESSURIZATION ANO LUBRICATION SYSTEMS 

2 316 

5 200 

POWER SUPPLY 

4 393 

7 800 

AVIONICS 

7 267 

3 200 

CREW SYSTEMS ANO PAYLOAD PROVISIONS 

1 403 

16 000 

EMPTY WEIGHT 

235 049 

271 600 

payload 

50 000 

50 000 

CREW ANO RESIDUALS 

3 414 

2 500 

LANCING WEIGHT 

iia~463 

324 100 

PROPELLANTS 

153 000 

153 000 

INFLIGHT LOSSES 

4 298 

4 300 

TAKEOFF WEIGHT 

445 761 

481^400 
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show good correlation. However, the data is for military jets 
with inlet systems different than that used on the HST. There- 
fore, the HST estimate is probably the most accurate. 

Fuel Tanks: The estimated weight of the HST fuel tanks is 

seventy- two percent larger than the value calculated by WAATS. 

The only data available in ref. 5 (Fig. 3.5-5) is for an integral 
fuel tank based on the X-15 concept, while the HST ranks are non- 
integral. Therefore, the WAATS estimate is open to question. 

Fuel Tank Insulation: The HST fuel tank insulation weight 

is almost three times that calculated in WAATS. There is no cor- 
relation curve in either of ref. 5 or 11, so the source of the 
WAATS weight coefficient is not known. The HST weight item in- 
cludes a helium purge system and hydrogen boil-off during a 30- 
minute ground hold (ref. 8, page 2-37), but this probably does 
not entirely account for the large difference. 

Fuel, Pressurization and Lubrication Systems: The WAATS 

weight item is obtained by summing the Fuel System and Propellant 
Pressurization System Weights. The lubrication system is not a 
separate item in the WAATS Weight Summary, so it is assumed to be 
included in the engine weight. The HST weight item is taken dir- 
ectly from the Weight Summary. The WAATS weight estimate is again 
very low, approximately one-half of the HST value. As indicated 
in the Weight Coefficients and Exponents section, there were 
questions about the coefficients for both the fuel and pressuriza- 
tion systems; therefore, further study of these coefficients is 
recommended. 

Power Supply: In the WAATS Weight Statement, the Power Supply 

consists of the Electrical System and the Hydraulic/Pneumatic 
System. In the HST the Prime Power and Distribution consists of 
(ref. 8, page 2-41) 


Engine or gas generation 

2150. 

lb 

Tank and systems 

1050. 

lb 

Electrical distribution 

3500. 

lb 

Hydraulic and pneumatic 

1100. 

lb 


The electrical and hydraulic/pneumatic system weight are very 
nearly equal for the WAATS and HST analyses. The other items may 
be Included in the engine weight in the WAATS program. 

Avionics: The HST Avionics weight is broken down into (ref. 

8, page 2-39) 
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800. lb 


Guidance and navigation 
I ns t r\ament at ion 
Comsnunicat ions 


400. lb 
2000. lb 


The WAATS estimate is data 

Fig. 3.8-1 of ref. 5. than the one being considered here. 

tL. «lce t.e HST 

value, may not be realistic. 

crew Systems and Payload 

weight includes ®2“JP“®sulatioS personnel accommodations, 

system, crew compartment insulatl.P . ^ crew station 

fixed life support equipment . emergency^equ^p 

controls and panels substantial weight item, 

Payload Provisions are stated t naaes 8-9, Personnel 

bJt «-e not persinnel, 

Provisions are irnishinS and cargo handling, emergency 

fixed life support, ^ Tbe eauipment descriptions 

equipment, and f JeiSt it4m is over ten times the WAATS 
are similar, but the EST weight it 

weight item. J paylold of 200 passengers plus car- 

go? wh?if L Jro?isions are made in the WAATS analysis for pas- 

g0Qg0r SIC cotnniocii^ . 

Payload: The payload is the same in both analyses. 

j r, j oi = - Th«» Crew and Trapped Fuel weights are 
Crew and ^®®^^^^Jf;xs\eight item. The HST weight item is 
summed to obtain th _ ^g*and prime Power Reserve, but the 

e.plnl=ed^ The resulting .eights 

differ by approximately thirty-seven percent. 

Prooellants- The WAATS Main Propellant and Reserve 
lants'^™?e“d5usted to the s^e total .eight as the HST 

analysis (see the Design Data, section). 

Tnfiiffht Losses- The WAATS weight coefficient was chosen to 
„ake JS”^“elght Item equal to the HST .eight item. 

w uv- there is no Design Reserve, the Dry and 

^“P^yJfSe the ?n the WAATS Weight Statement. This 

Empty Weights are the SJ^e i Airplane weight. 

weight ?®r%eight items— the Aerodynamic Surfaces, the 

However, if |n|ines— are compared, the difference in 

Body Structure nercent Thus the system weights account for 

i:rtrielg« dlfteranca. 


Landing Weight: Without an Attitude Control System, the 

WAATS Landing and Entry Weights are the same and within twelve 
percent of the HST Wet Airplane and Payload Weight. 

Takeoff Weight: The difference between the Takeoff and Land- 

ing Weights for the two analyses is the same, so the final differ- 
ence is reduced to eight percent. 


In general, the results of the WAATS analysis are considered 
to be good. Since the HST weights are also estimates, their ac- 
curacy is open to question; although they are based on a much more 
detailed study than was possible for the WAATS analysis. There 
are a number of areas where the WAATS equations and their coeffi- 
cients and exponents should be thoroughly reviewed. The systems 
area should be given special attention. This would be much more 
feasible if the data base discussed previously were available. 

It should also be noted that as a design develops, and more accur- 
ate data becomes available, the WAATS program can be used to up- 
date the weight estimate very rapidly and inexpensively. 


CONCLUSIONS 

Of the three methods of weight prediction — fixed-fraction, 
statistical correlation and point stress analysis — the statistical 
correlation method is probably the best for preliminary design. 
The modified WAATS program is considered to be a good tool for 
feasibility studies of hypersonic aircraft; however, some areas 
need further investigation. The specific areas, primarily sys- 
tems weights, are noted in the comparison of the WAATS results 
with the HST weights. Further development of this, and other, 
weight estimation programs would benefit from the availability of 
a comprehensive data base of component weights. 


90 



APPENDIX 


THE WAATS EXAMPLE PROBLEM 

The example problem in ref. 5 was not used as the principal 
example in this report because very few details were given on the 
vehicle for which the weight was being estimated. However, in 
order to verify that the modified program gives the same results 
as the original program, the example is presented on the follow- 
ing pages. The completed Input Data Forms, an Input Data Listing 
and the printed output are presented. Note that there are more 
non-zero weight coefficients printed than in ref. 5 because of 
the specified values in the modifed program. All of the weights 
are within one pound of the values given in ref. 5. 
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input OATA “ WAATS cXAPPUE 

UlNViAP ARATI0*80.0» 

CH»60000 .Ot 

OM«4.5t 

EL800Y*350.0t 

ENGlNS«22.0t 

GSPAN«l4l.Ot 

HBC0Y*20.0» 

CMAX»2500. Ot 

SBOOY-32800 .Ot 

SHCR2«l*0t 

STPS»42300.0f 

STSPAN-93.71 t 

SVERT«l380.0t 

SNlNG*ll579.0t 

TANKS*2.0t 

THRUST *470000 .Ot 

TR00T»ll.46t 

VFUTK»143200 .Ot 

VOXTK»53lOO.Ot 

MAREF»122 .7t 

WLANOl *900000. Ot 

UPAYL0*40000 .Ot 

ttPHAl N*4400000 .0 t 

WTCIN* 7000000. Ot 

XLF*3.75t 

AC(l)»O.Ot 

ACI4J*4.2t 

ACI6)*0.0t 

*CC I4)*l .2370t 

ACI 15) *0.0t 

AC(17)*0 .Ot 

AC( 19) *0.004t 

AC(21)*2.3t 

AC(25)*0.0t 

ACI26)»0.009l6t 

AC<28)*0 .0076t 

AC<31)«700.0t 

ACC36)»0.0t 

ftC(38)»0.0t 

AC(44)*0 .0022t 

ACI45) *0.5t 
AC(47)*0.0043t 
»C<48) *0.5t 
AC«50)*0.0t 
lC!5l)*0.0t 
AC(57)*0.0t 
AC(60) *0.0t 
ACC64)*0.0t 
AC(66)*0 .Ot 
ACI 68) *0.0t 
ACI7O)»0.0t 
ACI 71 ) *6600 .0 t 
ACI72)-0.0t 
ACI73) *l330.0t 
ACI 75)*2675.0t 
AC 1 84) *0 .004t 
ACI85)»0.5t 
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i> tim pw 






INPUT DATA - yAATS EXAMPLE 

BC(86)»0.00<»t 

AC(89)»l.lf 

ACC92)»0 .0075t 

ACC94)»0.0075t 

AC(98)«0.1Zt 

AC(102»*0.0001» 

ACCll5»»0.015f 

AC(116>»0.004f 

AClll7>«2400.0t 

AC(ll8l»0 .584f 

ACCl2l)»l«12^» 

ACC l22)*0«33At 
AC(l23)«l»0» 

ACC 1241*0. 01375t 
ACC125)*1.0» 
ACC126»-0.1095» 
ACC127»*1.4425» 

ACC 1291*0.0114, 
ACC130»*0.637, 

ACC 132)*0. 534, 

ACC134)*0 .05,CEN0 
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NCN-ZERQ WEIGHT CCEFFICIENTS 


AC( 

41 


AC( 

141 


AC( 

191 


AC( 

211 


AC( 

261 


AC( 

281 


AC( 

291 


AC( 

301 


AC( 

311 


AC( 

321 


AC( 

331 


AC( 

341 


AC( 

351 


AC( 

401 


AC( 

421 


AC( 

441 


AC( 

451 


AC( 

471 


AC( 

481 


AC( 

53) 


AC( 

541 


AC( 

581 


AC( 

711 


AC( 

731 


AC( 

751 


AC( 

781 


AC( 

811 


AC( 

82) 


AC( 

841 


AC( 

851 


AC( 

86) 


AC( 

89) 


AC( 

90) 


AC( 

921 


AC( 

94) 


AC( 

98) 


ACdOll 


AC (1021 


AC(1041 



AC (1061 • 
ACaOTl » 
ACdlOl ■ 
ACClllI » 
AC (I 121 » 
AC (1131 « 
AC (1141 » 
ACdlSl » 
AC(116I » 
ACdlTl « 
ACdlFl » 
AC (1201 « 
AC(121) « 


4.20000 

1.23780 

.400000E-02 

2.30COO 

.916000E-02 

. 760000 e-02 

.330000E-03 

.500000 

7C0.0Q0 

1782.63 

.3Q00Q0E-O2 

1994.53 

.320000E-02 

.590000 

.230000 

. 220000 e-02 
.500000 
.430000E-02 
.500000 
4.34500 

1 .00000 

.790000E-01 

6600.00 

1330.00 

2675.00 
.608000 

1.00000 
.100000 
.4COOCOE-02 
.500000 
.4C0000E-02 
1.10000 

1.00000 

. 750000 E“02 
.750000E-02 
.120000 
.795000 
.lOOOOOE-03 
.316000 
117.350 
.294000 
.lOOOOOE-05 
.903000 
l.COOOO 

1 .00000 
.361000 
.150000E-01 
.4Q0000E-O2 

2400.00 
.584000 
.lCCOOOE-05 
1.12400 


NGN-ZERO HEIGHT COEFFICIENTS 


AC(122I 

m 

.334000 

AC (1231 

s 

1.00000 

AC (1241 

M 

•137500E-01 

AC(125I 


1.00000 

AC (1261 

M 

.109500 

AC (1271 

m 

1.44250 

AC(129I 

9 

. 114000 E-01 

AC(130I 

9 

.637000 

AC (1321 

9 

.534000 

AC(1341 

9 

.5C0000E-01 
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WETTED AREAS 


GROSS BODY 
FUEL TANKS 
OXIDIZER TANKS 


32800.00 

0.0 

0.0 


PLAN AREAS 


VERTICAL SURFACES 
HORIZONTAL SURFACES 
FAIRINGS 

THERMAL PROTECTION SYSTEM 


11579.00 
1380.00 

l.OO 

0.0 

42300.00 


DIMENSIONAL DATA 

WING GECMETRIC SPAN 

WING STRUCTURAL SPAN 

WING THICKNESS AT THEORETICAL ROOT 

TOTAL INLET CAPTURE AREA 

ROCKET ENGINE AREA RATIO 

TOTAL INLET LENGTH 

TOTAL RAMP LENGTH 

BODY LENGTH 

BODY HEIGHT 

FUEL TANK VOLUME 

OXIDIZER TANK VOLUME 


141.00 
93.71 
11 . 4 « 

0.0 
80. CO 
0.0 
0.0 

350.00 
20.00 

143200.00 

53100.00 


ENGINE DATA 

ENGINE TYPE 

NUMBER GF ENGINES 

THRUST OF ONE ENGINE 

THRUST SCALING FACTCR 

NUMBER OF INLETS 

REFERENCE ENGINE AIRFLOW 

ROCKET ENGINE CHAMBER PRESSURE 

TURBORAMJET INLET PRESSURE (UPPER) 

TURBORAMJET INLET PRESSURE (LCWERI 


ROCKET 
22.00 
470000.00 
1.00 
1.00 
122.70 
1000.00 
176. CC 
46.00 


WEIGHTS 


PAYLOAD 

MAIN IMPULSE PROPELLANT 
ESTIMATED TAKECFF WEIGHT 
ESTIMATED LANDING WEIGHT 


40000.00 

4400000.00 

7000000.00 
900000.00 













DESIGN DATA 


CTHER DESIGN DATA 

number of crew 

DESIGN ALTITUDE 

DESIGN MACH RUHBER 

MACH NUMBER FACTOR 

GEOMETRICAL CUT OF ROUND FACTOR 

OXIDIZER TO FUEL MIXTURE RATIO 

ACS OXIDIZER TO FUEL MIXTURE RATIO 

MAXIMUM DYNAMIC PRESSURE 

NUMBER OF FUSELAGE FUEL TANKS 

TAIL 'YPE COEFFICIENT 

ULTIM.i.TE LOAD FACTOR 

PROPELLANT TYPE 

SHAPE 


2. CO 

60000.00 

4.50 

1.00 

1.00 

6.00 

0.0 

2500.00 
2. CO 
1.25 
3.75 
CRYOGENIC 
AIRCRAFT 
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HASS ITEPATICN 


NO 

1 

2 

3 


DRY 

M6IGHT 

683039. 

676188. 

676975. 


EMPTY 

WEIGHT 

765006. 

757330. 

755972. 


LANCING 

WEIGHT 

860161. 

832656. 

831092. 


ENTRY 

HEIGHT 

885161. 

376713. 

876927. 


TAKEOFF 

HEIGHT 

5320361. 

5311913. 

5310127. 
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WEIGHT STATEMENT 


AERODYNAMIC SURFACES 

WING 66539. 
VERTICAL SURFACES 11942. 
HCRIZQNTAL SURFACES 0- 
FAIRINGS 


BODY STRUCTURE 
BASIC STRUCTURE 
SECONDARY STRUCTURE 
THRUST STRUCTURE 
INiEGRAL FUEL TANKS 
INTEGRAL OXIDIZER TANKS 


40600. 

0 . 

41360. 

91218. 

28355. 


ENVIORNMENTAL PROTECTION SYSTEM 

INSULATION 97290. 

COVER PANELS 0- 


LAUNCH AND RECOVERY SYSTEMS 

LAUNCH SYSTEM 0- 

LANDING GEAR 41341. 


MAIN PROPULSION SYSTEM 
ENGINES 
ENGINE MOUNTS 
FUEL TANKS 
CXIDIZER TANKS 
FUEL tank INSULATION 
OXIDIZER TANK INSULATION 
FUEL SYSTEM 
OXIDIZER SYSTEM 

PROPELLANT PRESSURIZATION SYST 
INLET SYSTEM 


124504. 

1034. 

0 . 

0 . 

0 . 

0 . 

22923. 

44637. 

0 . 

0 . 


ORIENTATION AND SEPARATION SYSTEMS 

GIMBAL SYSTEM 0- 

ATTITUDE CONTROL SYSTEM 12055. 

attitude contol system tankage 0. 

AERODYNAMIC CONTROL SYSTEM 14402. 

SEPARATION SYSTEM 0. 


POWER SUPPLY 

ELECTRICAL SYSTEM 
HYORAULIC/PNEUMATIC SYSTEM 


17505. 

9995. 


AVIONICS SYSTEM 
CREW SYSTEMS 


78482. 

201534. 

97290. 

41341. 

193097. 


26457. 


27499. 

6600. 

2675. 


DRY WEIGHT 


67497 


108 


WEIGHT STATEMEN-T 


DRY WEIGHT 

DESIGN RESERVE 


80997. 


EMPTY WEIGHT 
PAYLOAD 
CREW 


AOOOO. 

1330. 


RESIDUAL PROPELLANTS 
TRAPPED FUEL 
TRAPPED OXIDIZER 


33132. 

4733. 

28399. 


LANDING HEIGHT 

attitude CONTROL SYSTEM PROPELLANTS 

FUEL « 

OXIDIZER ^ 


ENTRY WEIGHT 

MAIN PROPELLANTS 
FUEL 

CXIDIZER 

RESERVE PROPELLANTS 
FUEL 

CXIDIZER 
INFLIGHT LOSSES 


4400000. 

628571. 

3771428. 

17600. 

2515. 

15086. 

17600. 


TAKECFF WEIGHT 


674975. 


755972. 


831092. 


874927. 


5310127. 
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